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unitarity Triangle analysis in the SM

SM UT analysis:

U provide the best determination of CKM parameters

U test the consistency of the SM (“direct’ vs “indirect’
determinations)
_ provide predictions for SM observables

J

.. and beyond
NP UT analysis:

» model-independent analysis
U provides limit on the allowed deviations from the SM

_
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CKM matrix and Unitarity Triangle
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CKM matrix and Unitarity Triangle
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CP-conserving inputs

CKM perspectives

| Ve / V|
VIV |~R, (tree-level)
1_ 52 + 2
N L
" o
B,-B,and B -B_ mixing
~ Am, Am,/Am, Am =(0.507 + 0.004) ps"
1:_ |c1:_— —] - y
: : Ams—(‘l /.72 £ 0.04) ps
E ;42: 2 2 2 /h’j ‘BH
o (1-p)"+7 Am, =[(l-p) +n7] £
Am = [, B,
T T - Cos Bg, and fz_ from lattice QCD

Workshop on Tau-Charm at High Luminosity - May 2013



Marcella Bona

Vcb and Vub
Laiho et al

IV, (excl) = (39.5 + 1.0) 10° |
HFAG

V., (incl) = (41.7 + 0.7) 10

~1.80 discrepancy

Laiho et al

V. (excl) = (3.28 + 0.30) 10° |

UTfit from HFAG

V., (incl) = (4.40 + 0.31) 10°

~2.60 discrepancy
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CP-violating inputs
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v and DK trees
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v and DK trees

UTTit collaboration
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Unitarity Triangle analysis in the SM: I
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Unitarity Triangle analysis in the SM:

Observables Accuracy

|Vun/ Ve ~ 15%

Ex ~ 0.5%
Amy ~ 1%
|Amy/Amg| ~ 1%
sin2f3 ~ 3%
cos2f3 ~ 15%
o ~ 7%

Y ~10%

BR(B - tv) ~25%
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CKM perspectives

Unitarity Triangle analysis in the SM:

= F *~
Ty Y AN
1__ winter13 | ﬂ_n':
/ Amy
0.5 %
- 4
0
-0.5—
-1
Oy

levels @
95% Prob

“p=0.132 + 0.021
“n =0.350 + 0.014

home-made
BaBar+Belle average:
BR(B - tv) =(0.99 £ 0.25) 10+

Workshop on Tau-Charm at High Luminosity - May 2013

13



Marcella Bona CKM perspectives

angles vs the others
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compatibility plots

A way to “measure” the agreement of a single measurement with the
indirect determination from the fit using all the other inputs: test for the
SM description of the flavor physics

Color code: agreement between the The cross has the coordinates
predicted values and the measurements at (x,y)=(central value, error) of the
better than 1, 2, ...no direct measurement

20 6 O

[] T —

o(al’])

o(v[°])

16

14 ...........
12 ...........

10

0

100

0 80

50 100 150

Yexp = (708 + 7.8)°Y[°] O exp = (90.9 + 8.0)0 o]
Yuriit = (686 T 3-6)0 Ay = (87.7 + 3.6)0

Workshop on Tau-Charm at High Luminosity - May 2013

15



tensions (or used-to-be tensions)
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tensions (or used-to-be tensions)
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CKM perspectives

Unitarity Triangle analysis in the SM:

Observables
sin2f3
Y
a
IVuol - 10°
V| - 10° (incl)
[Vuo| - 10° (excl)
[Ves| - 10°
€k * 10°
BR(B - 1V)

Measurement
0.680 + 0.023*
70.8 +7.8
90.9 + 8.0
3.82 £ 0.56
4.40 + 0.31
3.28 £ 0.30
41.0+1.0
2.228 + 0.011
0.99 + 0.25

obtained excluding the given
constraint from the fit

¥

Prediction Pull (#0)
0.755 + 0.044 ~15 @—
68.6 * 3.6 <1
87.7 * 3.6 <1
3.64 £ 0.13 <1
- ~2.2
- ~1.1
42.73 * 0.77 ~13 @¢——
1.88 + 0.20 ~1.7 —
0.826 + 0.079 <1
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more standard model predictions:

our home-made average: from LHCb evidence
BR(B - tv) = (0.99 * 0.25) 10* BR(B.- pp) = 3.2 + 1.5 10°
—~ 60 —~ 10 60
I & F
o o 9: R S—
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o ©
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© O 4; ...............................................
3t
2
115 2 25 3 % 10 15 20"
BR(B—1v)[107] BR(B_—I)[10°]

indirect determinations from UT
BR(B- tv) = (0.826 + 0.079) 10* BR(B;- Il) = (3.45 + 0.26) 10~
M.Bona et al, 0908.3470 [hep-ph]
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UT analysis including new physics

fit simultaneously for the CKM and

the NP parameters (generalized UT fit)
-~ add most general loop NP to all sectors
~ use all available experimental info
~ find out NP contributions to AF=2 transitions

B, and B, mixing amplitudes
(2+2 real parameters):

AL =Im[T%,/A,| AT/A mq:Re(F‘l’z/Aq)s

Workshop on Tau-Charm at High Luminosity - May 2013
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new-physics-specific constraints '
I'(B, — ("X)-T(B, — (" X) = Im ( E ) |

semileptonic asymmetries: ['(Bs — (*X)+I'(Bs; — (- X) Afull
sensitive to NP effects in both size and phase

2D constraints a la HFAG for A%, and A%,

Agr,

CDF + DO + LHCb

same-side dilepton charge asymmetry: DO arXiv:1106.6308
admixture of B; and By so sensitive to NP effects in both systems

10y fd\;hlfl({ H foX sdAS
ALl x 107 =-7.9+ 2.0 g — JXAAs I Foxsddsy
oL o fﬂ'.\ do + fo \ s0

lifetime 1F° In flavour-specific final states:
average lifetime is a function to the width and
the width difference (independent data sample)

7ES [ps] = 1.417 £ 0.042  HFAG

s=&Ps s f Bs-
¢s=2f3s vs AT's from B, - J/pg CDF + DO: 2D likelihood

angular analysis as a function of proper time and LHCb: Gaussian
b-tagging. Additional sensitivity from the Al terms
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NP analysis results

= F
n UTﬁf_
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" p = 0.147 £ 0.048
“n = 0.370 + 0.057

SM is

"p=0.132 + 0.021
"1 =0.350 + 0.014
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¥ 2
NP parameter results S s
15_ + winter13
dark 680/0 CSK = 108 + 018 055_ NP fit
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NP
NP parameter results A i = ol
A — 1 + e q q A e el
q
. sof ;_E 80
UT+ UTg
Z Ol fit Z o fit
< o0 winter13 < 50 winter13
408 NP fit 10 NP fit
20F 20
of
-20F -20
40 -40 dark: 68%
-60F -60
0F | | | | .80 SM: red cross
0I L1 lo 1' 11 |0 2' | '03' 11 '04' 11 '05' L1 '06 0| L1 |0|1| L1 |0|2| | |0|3| 11 |0|4| | |0|5| 11 |06
NP; A SM NP; A SM
ANP/AS ANP/AS

The ratio of NP/SM amplitudes is:
< 20% @68% prob. (35% @95%) in By mixing
< 15% @68% prob. (25% @95%) in B, mixing
see also Lunghi & Soni, Buras et al., Ligeti et al.
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testing the new-physics scale
ﬂ At the high scale

CKM perspectives

new physics enters according to its specific features

At the low scale HAB=2 _
use OPE to write the most =
general effective Hamiltonian.

the operators have different Q'—‘?‘ffh
chiralities than the SM
NP effects are in the Wilson Q5"

Coefficients C

( qidy
NP effects are enhanced ’3
® up to a factor 10 by the Q5"
values of the matrix elements e
especially for transitions Q5"

among quarks of different chiralities
® up to a factor 8 by RGE

Workshop on Tau-Charm at High Luminosity - May 2013
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o B =0 (8
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a o =3 B
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- [ «
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M. Bona et al. (UTfit)
JHEP 0803:049,2008
arXiv:0707.0636
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effective BSM Hamiltonian for AF=2 transitions

Putting bounds on
The Wilson coefficients C, have the Wilson coefficients

in general the form give insights into the
NP scale in different
NP scenarios that

enter through F, and L
Oi(A)

function of the NP flavour couplings
loop factor (in NP models with no tree-level FCNC)

/\: NP scale (typical mass of new particles mediating
AF=2 transitions)

Workshop on Tau-Charm at High Luminosity - May 2013
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testing the TeV scale

The dependence of C on A changes O;: (A)

on flavor structure.
We can consider different flavour scenarios:

® Generic: C(A) = a/\? Fi~1, arbitrary phase
® NMFV: C(A) = a x |Fsu|/A*> Fi~|Fsy|, arbitrary phase
®

a (L) is the coupling among NP and SM

@ a ~ 1 for strongly coupled NP If no NP effect is seen

® a ~ dy (as) in case of loop lower bound on NP scale A
coupling through weak if NP is seen
(strong) interactions upper bound on NP scale A

F is the flavour coupling and so

Fsu IS the combination of CKM factors for the considered process

Workshop on Tau-Charm at High Luminosity - May 2013
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results from the Wilson coefficients

Generic: C(A) = a/A?, Fi~1, arbitrary phase

a ~ 1 for strongly coupled NP a ~ ay in case of loop coupling
through weak interactions

MNP scale - Generic FY MNP scale - Generic FY
1000000 1000000
ECIEC2  C3mC4mCs ECIEC2 C3mCimics

100000 100000
10000 10000
1000 1000
10 5 100

1 10

1

1

Lower bound [TeV]

Lower bound [TeV]

L]

Lower bounds on NP scale (in TeV at 95% prob

Non-perturbative NP NP in ay loops
N>4610°TeV AN>1.410*TeV
[6.7 10° TeV from D's] [202 TeV from D's]
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results from the Wilson coefficients
NMFV: C(A) = a x |Fsul/A%, Fi~|Fsul, arbitrary phase

a ~ 1 for strongly coupled NP a ~ ay in case of loop coupling
through weak interactions

1000 Mew Physics scale - NWVFY 0 scale - NMFY - Weak coupling
ECImC2 C3mC4mCh BCImC2 C3mC4mCh

100 1
[ak]

0.1
k]

‘ I 0.01

. 0.001

K D

Lower bounds on NP scale (in TeV at 95% prob

Lower bound [TeV]
Lower bound [TeV]

Non-perturbative NP NP in aw loops
A >105 TeV N>3.2TeV
(2.2 TeV from D's) (0.07 TeV from D's)
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The future of CKM fits

SuperB reach from: ©2007 V. Lubicz

LHCb reach from: : 1 , \ S BC +
goli';:'::ﬁ::;g":j: % snllerB D:i;'n R;:,T;'? - Hadrqnic Currgn‘t 60 TFlop | 1-10 PFlop
Workshop 2015 N  orXivi0709.0451 matrix lattice Year Year
10/fb (5 years) 1/ab (1 month element ol [2011 l;HCb] [2015 Su'fer'B]
Ams 0.07%(-'-0.5%) no at Y(55)) £77(0) (22‘2,'311/{1)-&) (10*?/.,'1/(1)-&) (2.?91? 'c:iln {(-)f+)
AS, 2 0.006 B 11% 3% 1%
ds (J/W ¢) 0.01+SYST 0.14 fy 14% 2.5-4.0% 1-1.5%
£ B 13% 3-4% 1-1.5%
75/ab (5 years) : 5% 15-2% | 0.5-0.8%
sin2p (J/y Ks) 0010 0.005 , Gereent) | Q1%miy) | G4 mi
v (all methods) 2.4° 1-2° 7 — DDAy (40% i 1-7 | (3% on ;)-f) (5% on I(t}')
o (all methods) 45 1-2° i, 11% 4-5% 2-3%
|V.,| (all methods) no <1% L. 13% 3— 4%
|V,o| (all methods) no 1-2% e e
Today With a SuperB in 2015
FM; — = . ’ “the dream™ ":Mg “the ni are”
osf _d 0.5 = y 0.5F . e
0.4; ~ 0.4 u..-,j:}\,,__: sRE-=) "/T_"_%
n.ai |:|3 0_3:5 3 o ——
u.zf s n.z: pee (3 0_2:1 ) //// / .
0.1; u.1§ mz— / T am \\|:—ﬁ|
——— " =7 ' _ o / . \}H# R
'°=2::1" Io ' b:f“i:fé“h.'é“b:i"6:;@6.5 '"4?1 0 01 02 03 04 05 06 4'-6514 B TR 'j);:.li"h.lswb.s
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conclusions

-~ SM analysis displays very good overall consistency

—~ Still open discussion on semileptonic inclusive vs exclusive

~ UTA provides determination also of NP contributions to
AF=2 amplitudes. It currently leaves space for NP at the level
of 15-20%

~ So the scale analysis points to high scales for the generic
scenario and even above LHC reach for weak coupling.
Indirect searches become essential.

~ Even if we don't see relevant deviations in the down sector,
we might still find them in the up sector.

Workshop on Tau-Charm at High Luminosity - May 2013

32



Marcella Bona

Back up dlides

Workshop on Tau-Charm at High Luminosity - May 2013
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Y and DK trees / D°K* \Qﬂ_;f)
B DO(D") k) V., R
decays can proceed B o Setongphasess LS 1K
both through V., and \
~rze” DO K+ A(D’—= f)

V. amplitudes
u .
~ Vub:|Vub|e Y (~;\;3)

A y K™ b - .
) s e D
W a- w-
b > CDo s _ Og=strong
: Vg (~A?) . _ K" phase diff
A(B~ — D°K™)=Ap A(B~ — D°K~) = Agrge’(®B—7)
ABtT - D°Kkt)=Ap A(Bt - D°K*) = Agrge!®8+7)
sensitivity to y: the amplitude ratio r;
B~ — DYK~— ’ N Xhadronic
TB — — —| = \/ﬁ + p“ X F¢ g ~contribution
B~ — DK channel-dependent
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v and DK trees

@ GLW(Gronau, London, Wyler) method:
uses the CP eigenstates D"°, with final states:

K*K-, m*n~ (CP-even), K.t° (0,0) (CP-odd)

:I:z - - 6
Rep4 = 1-|-?"2B:|:21"Bcos'yc0553 Acpy = TpSInysinop

1+ 'r% 4+ 2rgcosvycosdp
@ ADS(Atwood, Dunietz, Soni) method: B® and B in the same

final state with D° — K*x-(suppr.) and D° — K*n~ (fav.)

RAps = r%ZrBrDCS Cos cos(éB

more sensitive to ry

D° Dalitz plot with the decays B~ — DK ] K-
the most sensitive way to y

three free parameters to extract: y, r; and o5

Workshop on Tau-Charm at High Luminosity - May 2013
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v and DK trees / D°K" (D°= f)

B+

Vcb
+ strong phases
%\ ap
~rge” DO K+ A(D°> f)

model dependence from D dalitz
Belle and LHCb has a model independent dalitz analysis
(still relatively higher errors)
CP violation in charm
will need to be considered as
LHCb and Belle Il expect to have uncertainty at the
level of ~1°

Workshop on Tau-Charm at High Luminosity - May 2013
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UT analysis including NP

CKM perspectives

model independent

Workshop on Tau-Charm at High Luminosity - May 2013

PN | Cew @ | Coo | Coo G assumptions
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y (DK) X SM SM+NP
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: [Vio/Ve)™ Vil V)™
sin2 X X e e
Am, X X Bd Mixing
a X X B B +0eq
SM SM
ASL Bd X @ Y ¢Bd
Am, CgsAMy
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Marcella Bona CKM perspectives

new-physics-specific constraints

Agp, =

B, — (*X)—T(B, — (X
o _D(B, = ("X)~T(B, — ¢ \;_Im( .z)

(B, = (+X)+T'(B, — (- X Aful
Laplaceet al.

semileptonic asymmetries: PhysRev.D €5

n . : 094040,2002
sensitive to NP effects in both size and phase
2D constraints a la HFAG for A%, and A’ CDE + DO + LHCb
same-side dilepton charge asymmetry:
admixture of B; and B, so sensitive to NP effects in both systems

ALY < 10° =-79+ 2.0 DO arXiv:1106.6308
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new-physics-specific constraints

lifetime 17 in flavour-specific final states:
average lifetime is a function to the width and
the width difference (independent data sample)

5 [ps] = 1.417 £ 0.04

Ps=2Bs vs Al s from B - J/P@

angular analysis as a function of proper time
and b-tagging

additional sensitivity from the Al's terms

@ and Al g:
2D experimental likelihood from CDF and DO

Workshop on Tau-Charm at High Luminosity - May 2013

CKM perspectives

Dunietz et al.,
hep-ph 0012219

2 HFAG

@ and Al g:
central values with
gaussian errors from LHCb
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Marcella Bona CKM perspectives

new-physics-specific constraints
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Ps=2Bs vs Al s from B - J/P@

angular analysis as a function of proper time
and b-tagging

additional sensitivity from the Al's terms
@ and Al g:

@ and Al's: central values with
2D experimental likelihood from CDF and DO  gaussian errors from LHCb
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Marcella Bona CKM perspectives

new-physics-specific constraints

B meson mixing matrix element NL O calculation Cow and ;e are

Ciuchini et al. JHEP 0308:031,2003. parameterize possible
NP contributions from

( ”‘_;;QJH,IE) b — spenguins
na -+

By

B
Iy * ”UB_

1

2 P
@, .. »
Tig —|— H'||')B—
1

Ps=2Bs vs Al s from B - J/P@

angular analysis as a function of proper time
and b-tagging

additional sensitivity from the Al's terms
@ and Al g:

@ and Al's: central values with
2D experimental likelihood from CDF and DO  gaussian errors from LHCb
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new-physics-specific constraints

semileptonic asymmetries

)

250.01- | Awst
f I CLEO, BABAR, Belleland DO
o 4+
| DO and LHCb
0.0 LY
0.021
N HFAG
-0.03 i
. | : ; |
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Ag(BY)
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CKM perspectives
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NP parameter results

-1.5
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+

dark: 68%
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U Tfl' f

winter13

NP fit

CKM perspectives

Ce, = 1.08 +0.18
Camk = 0.98 % 0.33
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NP parameter results
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CKM perspectives
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F dark: 68%
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Marcella Bona CKM perspectives

NP parameter results o en, _ (B RN
By & {H|H*§M|H}
Css VS @Bs q
201
E ) - dark: 68%
'e‘m 15__ UTflf
10f SM: red cross winter13
: NP fit
50
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i Cs, = 1.03 £ 0.10
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Theory error on sin2f:

CKM perspectives

A.Buras, L.Silvestrini
Nucl.Phys.B569:3-52(2000)

Channel {%; 2 E?: E%}z .ﬁ? {? ; Py 1 JRg 3 ; )
*cb cs v = =5 i ‘V{]'t_b ts W AT V*ubvus = N3
By~ JiyKY | € | - — 02)| - - ' = s
By—=mJfp | D | - | A 2B | - |- M| - - A - | [A] | A%
V*Vea V*, Vi V*iuVud
-~ . 2'0.0015
:'-r 1) Fit the amplitudes in the @
S ]
= SU(3)-related decay J/yn° ° 2) Obtain the upper
and keep solution compatible z “ limiton the penguin
with JAyK E amplitude and add
B 0.0005 100% error for SU(3)
_breaking
. . . £ | o |
J/\IIKOImPOSIng the 2 noutr M.Ciuchini, M.Pierini, L.Silvestrini
upper bound on the E Phys. Rev. Lett. 95, 221804 (2005)
CKM suppressed 2
amplitude and extract = °%2
the error on sin2f3
L a— o0 04
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